The records of the catheter laboratory at St George's Hospital between [1983][1984][1985][1986][1987][1988] were reviewed to determine how often emergency coronary bypass surgery was performed because of a complication arising during elective coronary arteriography. A total of 11 216 cardiac procedures were performed; 5781 were confined to left ventricular angiography and coronary arteriography in patients with suspected coronary artery disease. Fourteen patients, whose investigation had been considered routine, suffered profound circulatory collapse during the procedure. Emergency cardiac surgery was undertaken in 13, with long term survival in 10.
In Britain facilities for cardiac catheterisation have developed alongside those of cardiac surgery, usually within the same hospital. In recent years, however, the demand for cardiological services, both invasive and non-invasive, has expanded and it has been suggested that there should be greater responsibility for investigation and treatment in the district general hospitals. Under such a system, district cardiologists, many of whom are trained in invasive techniques, would be responsible for certain procedures that have traditionally been performed in the referral centres, such as permanent pacemaker implantation, and "low risk" diagnostic cardiac catheterisation.
Underlying this policy is the assumption that the risks of catheterisation without surgical back up at the same site would be negligible, because those patients who were clearly at high risk from the procedure, such as patients with unstable symptoms or pulmonary oedema, would still be studied at the referral centres. While it is true that most high risk patients can be identified readily, several major complications of cardiac catheterisation, for which emergency cardiac surgery may be indicated, are unpredictable.
Method
We reviewed the records ofour cardiac catheter laboratory to determine the frequency of unexpected major complications leading to emergency cardiac surgery. We restricted our review to patients being investigated because of chest pain (with left ventriculography and coronary arteriography) in an attempt to establish the probable minimum risk.
Results
The records of the cardiac catheter laboratory at St George's Hospital, London for the years 1983-1988 were reviewed. In the 6 years studied, 11 216 cardiac procedures were performed. Left ventricular angiography and coronary arteriography in patients with suspected coronary artery disease was the sole investigation in 5781 cases (790% men, 21% women). The remaining 5435 patients underwent pacing procedures, electrophysiological studies, pericardial tap, percutaneous coronary angioplasty, endomyocardial biopsy, or were investigated for the assessment of valve disease (including percutaneous balloon dilatation of valves), or after previous coronary artery bypass surgery. Patients who were clearly at a higher risk from coronary arteriography, such as those with post-infarction ventricular septal defects (n = 31), were also excluded from this analysis. Included in the 5781, however, is an unknown number of patients who were studied as emergencies because of unstable angina, but who had no catheter-related complication.
Eighteen (0O30%) of the 5781 patients were referred for urgent operation because of acute coronary dissection (n = 6), acute coronary occlusion (n = 7), severe global ischaemia (defined as persistent electrocardiographic change, chest pain, and hypotension after contrast injection into the coronaries (n = 3), or deterioration of pulmonary oedema (n = 2, left ventriculography not performed). In each case the decision to request urgent surgical assistance was made by a consultant cardiologist.
Retrospective review of the case notes showed that four patients (three men, one Judkins and Gander suggested that a mortality rate in excess of 0-1 % was unacceptable,' but later reports have shown that, when all cases are considered, most laboratories have a mortality of 0-1-0.2%.467 It is clear, however, that the risk to the patient is closely related to his functional class and the severity of coronary artery disease. Left main stem disease is said to increase the risk of death by 6-8 times, and factors such as unstable angina, congestive heart failure, multiple ventricular extrasystoles, and hypertension also increase the risk.2 Triple vessel disease and age greater than 60 years have also been associated with increased mortality in one report. 4 Conversely, it has been suggested that in low risk patients (functional class I and II of the New York Heart Association classification) mortality may be as low as 0'02% .' In a paper presented recently to the British Cardiac Society, it was suggested that invasive cardiac investigations, and even coronary angioplasty, could be performed safely in the absence of on site cardiac surgery.8 The numbers in this study were very small, however (273 diagnostic coronary arteriograms and six coronary angioplasties), and as a result its conclusions must be interpreted with caution. The delay before emergency operation could be undertaken at another hospital, in the two patients in whom it was required, was 3 hours. A recent paper reporting the results of cardiac catheterisation as a day case procedure is relevant to this issue9 Oldroyd et al reviewed 900 patients selected for day case catheterisation, and therefore, by definition, considered to be at low risk from the procedure (56% had one or two vessel disease). Forty patients (4-4%) could not be discharged the same day because of some complication of the procedure or because urgent, but not immediate, coronary artery surgery was considered necessary. For the group as a whole the incidence of death was 0 2%, non-fatal myocardial infarction 0-7%, and major vascular injury 0 2%. Mortality was 0 3% in the subgroup that underwent coronary angiography and left ventriculography alone. It was not stated how many patients underwent immediate operation from this series.
Our findings accord with those of Oldroyd et al. We believe that without the benefit of emergency cardiac surgery at least 10 of our 14 "low risk" patients would have died. Thus while mortality for elective left ventriculography and coronary arteriography was <0 10% in our series, it would almost certainly have been >) 0 2% had we not had recourse to emergency surgery. It is of course impossible to prove that the patients referred for emergency operation benefited from its availability, but the severity of haemodynamic disturbance seen makes it very likely that they would have died without operation.
Furthermore, despite the experience of Bayliss et al, we believe that there would not have been time to transfer these patients elsewhere for operation.
Survival after emergency operation in this group of patients was 770% and in most left ventricular function, judged by symptomatic criteria, was adequate. That there were no survivors in patients identified as being at high risk suggests that heroic attempts to resuscitate such patients may be inappropriate. By restricting our survey to the simplest type of left heart investigation, which is likely to form the greatest part of the workload of any cardiac catheter laboratory, we believe that we have shown the minimum risk of major unexpected complications. If patients with unstable symptoms, heart failure, complex congenital disease, or valve disease were included the risk is likely to be higher. Unfortunately, we cannot tell from this retrospective review of the catheter laboratory records how many other patients who would have been considered high risk because of unstable symptoms had uneventful coronary arteriography. By reducing the size ofthe denominator, the exclusion of such patients would have resulted in an even higher calculated risk.
Our experience suggests that the mortality associated with cardiac catheterisation in patients perceived to be at low risk is likely to be greater than two patients in every 1000. This may be reduced by having surgical facilities immediately available. These findings should be borne in mind when the development ofnew cardiac catheterisation facilities is considered; it may be more desirable to expand the existing facilities at the regional centres and to encourage their use by appropriately trained cardiologists from district hospitals.
